Yeast two-hybrid screens imply that GGNBP1, GGNBP2 and OAZ3 are potential interaction partners of testicular germ cell-specific protein GGN1  by Zhang, Jin et al.
FEBS 29175 FEBS Letters 579 (2005) 559–566Yeast two-hybrid screens imply that GGNBP1, GGNBP2
and OAZ3 are potential interaction partners of testicular germ
cell-speciﬁc protein GGN1
Jin Zhang1, Yan Wang1, Yu Zhou1, Zhiguo Cao, Peitang Huang*, Baisong Lu*
Beijing Institute of Biotechnology, Beijing 100071, PR China
Received 14 September 2004; revised 11 October 2004; accepted 13 October 2004
Available online 22 December 2004
Edited by Gianni CesareniAbstract Gametogenetin (Ggn) is a testicular germ cell-speciﬁc
gene speciﬁcally expressed from late pachytene spermatocytes
through round spermatids. The function of gametogenetin pro-
tein 1 (GGN1) remains unknown. Here, we used the yeast two-
hybrid approach to look for more GGN1 interacting proteins.
We found that gametogenetin binding protein 1 (GGNBP1),
gametogenetin binding protein 2 (GGNBP2) and ornithine
decarboxylase antizyme 3 (OAZ3) were potential GGN1 inter-
action partners. We determined the regions mediating the inter-
actions and further showed the interactions between the proteins
in mammalian cells by colocalization and coimmunoprecipitation
experiments. Our work suggested that GGN1, GGNBP1,
GGNBP2 and OAZ3 could be involved in a common process
associated with spermatogenesis.
 2004 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Germ-cell deﬁcient (gcd) mouse is a mutant with germ cell
deﬁciency at the embryonic stage and manifesting infertility
at adulthood, which served as a mouse model for the sertoli-
cell-only syndrome in male and premature ovarian failure dis-
ease in female [1]. Recently, it was found that FancL (originally
called Pog) was the gene underlying gcd mutation [2,3].
FANCL was then found to be an ubiquitin E3 ligase and a
component of the Fanconi Anemia (FA) Complex, which in-
cluded FANCA, FANCC, FANCE, FANCF and FANCG
[4,5]. FANCL mono-ubiquitinylated FANCD2 in the presence
of all the other FA components and thus regulated the subcel-Abbreviations: GGN1, gametogenetin protein 1; GGNBP1, gameto-
genetin binding protein 1; GGNBP2, gametogenetin binding protein 2;
OAZ3, ornithine decarboxylase antizyme 3
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doi:10.1016/j.febslet.2004.10.112lular localization and activity of FANCD2, which is involved
in DNA damage repair [4–6].
It was recently found that a novel germ cell-speciﬁc gene Ggn
(Gametogenetin) encodes products interacting with FANCL
[7]. Ggn encoded three putative proteins, gametogenetin pro-
tein 1 (GGN1), gametogenetin protein 2 (GGN2) and gameto-
genetin protein 3 (GGN3), by alternative splicing. Two of
them, GGN1 and GGN3 interacted with FANCL and colocal-
ized with FANCL in mammalian cells [7]. Ggn was testis-
speciﬁc whose expression was restricted to germ cells from late
pachytene spermatocytes to round spermatids. The highest
expression of Ggn was found in diplotene spermatocytes at
stage XI and meiotic cells at stage XII in the testis.
The spatial and temporal expression of Ggn mRNA in the
testis indicated that this gene might serve an important role
in spermatogenesis. Despite the ﬁnding that GGN1 interacted
with FANCL, the cellular pathway in which GGN1 is in-
volved remained unknown. Ggn is conserved in mouse and
human genomes. The predominant expression of Ggn in
male germ cells, the unique primary structure of GGN1
and the ignorance of its function make GGN1 an interesting
candidate for further study. Finding more interacting part-
ners of GGN1, especially the interacting partners with
known function, will be helpful for the study of the func-
tion of GGN1 and will also beneﬁt our understanding of
spermatogenesis.
The yeast two-hybrid system is a powerful tool for the
exploration of protein–protein interaction [8]. It has been
successfully exploited to unravel a large number of protein
interactions, determine new protein partners, and even study
interaction map in a genome scale [9–13]. Since Ggn is spe-
ciﬁcally expressed in the adult testis, we used the yeast
two-hybrid system to screen adult testis libraries to look
for GGN1 interacting proteins. Diﬀerent regions of GGN1
were used as the bait. After several screens, we identiﬁed
three proteins, GGNBP1, GGNBP2 and OAZ3, as the po-
tential interaction partners of GGN1. We mapped the re-
gions mediating their interactions and investigated the
interactions by colocalization and coimmunoprecipitation of
the proteins in mammalian cells. Our data suggest that
GGN1, GGNBP1, GGNBP2 and OAZ3 might form a novel
testicular germ cell-speciﬁc complex. The testis-speciﬁc
expression of the genes encoding these proteins suggested
that this complex could be involved in the diﬀerentiation
of male germ cells.blished by Elsevier B.V. All rights reserved.
Table 2
Primers used in this study
Name Sequence
GGNF1 5 0CGGAATTCACCATGGGGAACGTGCAGTCG3 0
GGNR1 5 0CGGAATTCGGTAGAATGGGTGGCCTGCAAG3 0
32EXP1 5 0CGGGATCCCAGGTCCCAGCTGCAACTCCAG3 0
379F 5 0AGAATTCATGCGCGGTCTTCTGGAAGCGAGC3 0
1524R 5 0AGAATTCTGGGGATAAAGTGGAGGGAGG3 0
HINF 5 0GGAATTCGGGTCCCACTCAGGATGGCAGC3 0
HINR 5 0GGAATTCATCTGGAGGGGGCCAGTTTCCC3 0
DIFF 5 0GGAATTCACCATGGCGCGACTGGTGGCAGTG3 0
DIFR 5 0GGAATTCATTTGCTCCAGCCGTTGTCAG3 0
OAZF 5 0CGAATTCAAGATGCTGCCTTGTTGTTAC3 0
OAZR 5 0CGAATTCCTGGCCAGGGTGGCCAAGGTC3 0
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2.1. Cell lines and antibodies
HEK 293T and NIH3T3 cells were cultured in Dulbeccos modiﬁed
Eagles medium containing 10% fetal bovine serum and 2 mM gluta-
mine at 37 C in the presence of 5% CO2.
C-Myc antibody (9E10) was purchased from Invitrogen (Invitrogen,
CA). Anti-Hemagglutinin (HA) and anti-SEC23 antibodies were from
Santa Cruz (Santa Cruz, CA). HRP-conjugated secondary antibodies
were from Amersham (Amersham Biosciences, Sweden). Fluores-
cence-conjugated secondary antibodies were from Santa Cruz.
2.2. Plasmids and constructs
Vector plasmids of pGBKT7, pCMV-HA, pCMV-Myc, pEGFP-C1,
pEGFP-C2 and pEGFP-N2 were from Clontech (Clontech).
pcDNA3.1myc/HisA was from Invitrogen (Invitrogen, CA). The con-
structs used were summarized in Table 1 and the primers used for
ampliﬁcation of the target cDNAs were summarized in Table 2.2.3. Yeast two-hybrid screening
pGBKT7/GGN1 (full-length GGN1), pGBKT7/GGN1C (GGN1
C-terminal AA163) and pGBKT7/GGN1M (GGN1 AA 127–508)
were transformed into reporter yeast strain AH109 from the Match-
maker yeast two-hybrid system 3 (Clontech, CA). Screening of the li-
brary was performed as described [7]. The insertions in the prey
plasmids were obtained by PCR ampliﬁcation with the primers speci-
ﬁed by the manufacturer of the library. The clones were sorted by
digestion of the PCR products with HaeIII and RsaI. The insertions
of at least two clones from each group were sequenced to obtain the
sequences of the insertions and to check the validity of the sorting.
To test the speciﬁcity of the interaction, the bait plasmid and the prey
plasmids were co-transformed and the interaction rechecked as de-
scribed [7]. To map the regions mediating the interactions, a series of
deletion mutants of the potential interaction partners were made by
insertion of the coding cDNAs in pACT2. Mapping of the region
mediating the interaction was performed as described [7].2.4. Subcelluar localization
NIH3T3 cells were grown on glass coverslips and transfected with
various plasmid DNA to express the respective protein. Transfection
and immuno-staining of the cells were described previously [7]. To
observe the protein localization in live cells, the cells were grown
in glass bottom of microwell dishes (MatTek, MA) and transfected
with respective plasmid DNA. 6–12 h after transfection, the cells
were observed in growth medium without processing. Observation
was done with the Bio-Rad Radiance 2100 confocal system in con-
junction with a Nikon TE300 microscope, or Olympus BX51T ﬂuo-
rescence microscope equipped with the MicroCCD image capture
system. When necessary, the images were processed with the Adobe
Photoshop software.Table 1
Summary of the constructs used in this study
Construct Vector Insertion site(s) Primers
pGBKT7/GGN1 pGBKT7 EcoRI GGNF1, G
pGBKT7/GGN1C pGBKT7 NcoI, EcoRI 32EXP1,GG
pGBKT7/GGN1M pGBKT7 EcoRI 379F, 1524R
pACT2/BP1 pACT2 EcoRI, XhoI Recovered f
pACT2/BP2 pACT2 EcoRI, XhoI Recovered f
pACT2/OAZ3 pACT2 EcoRI, XhoI Recovered f
pEGFP/GGN1 pEGFP-N2 EcoRI GGNF1, G
pCMV-HA/GGN1C pCMV-HA BglII fragment from bait plas
pEGFP/BP1 pEGFP-N2 EcoRI HINF, HIN
pcDNA/BP1 pcDNA3.1myc/HisA EcoRI HINF, HIN
pEGFP/BP2 pEGFP-C2 EcoRI DIFF, DIF
pCMV-myc/BP2 pCMV-myc BglII, KpnI fragment from pE
pEGFP/OAZ3a pEGFP-N2 EcoRI OAZF, OA
pCMV-myc/OAZ3a pCMV-myc EcoRI OAZF, OA
aThe ‘‘T’’ nucleotide after ORF1 was deleted by PCRmediated mutagenesis in2.5. Coimmunoprecipitation
HEK 293T cells were transfected with indicated plasmids to express
the proteins. Sixty hours after transfection, the cells were harvested
and coimmunoprecipitation was performed as described [7].3. Results and discussion
Although genome scale interaction maps are available for
yeast, Caenorhabditis elegans and Drosophila [9–13], they pro-
vide no clue to the potential interaction partners of GGN1.
Since GGN1 is not found in these genomes. To ﬁnd potential
GGN1 interaction partners, we used the yeast two-hybrid ap-
proach. Mouse GGN1 is 675-amino acid residues in length.
We tested the possibility of the following regions of GGN1
to be used as the bait: the N-terminal 130-amino acid residues,
the middle 481-amino acid residues (AA 127–508), the C-ter-
minal 163 amino acid residues (AA 513–675) and the full-
length GGN1. Since the N-terminal 130-amino acid residues
auto-activated the reporter genes in the system, the other three
regions were used to screen the testis libraries.
When AA 127–508 of GGN1 was used as the bait, a novel
gene Ggnbp1, short for gametogenetin binding protein 1 [14],
was recovered from several independent clones. As Ggn,
Ggnbp1 was also a testis-speciﬁc and germ cell-speciﬁc gene
[7,14]. Furthermore, it was also expressed from late pachytene
spermatocytes to early round spermatids. The fact that the two
genes showed similar testicular germ cell-speciﬁc expression
proﬁle made it quite likely that GGN1 and GGNBP1 couldUtility
GNR1 Full-length GGN1 as the bait in library screen
NR1 GGN1 C-terminal 163aa as the bait
GGN1 aa 127-508 as the bait
rom library screen Test interaction with GGN1 in yeast
rom library screen Test interaction with GGN1 in yeast
rom library screen Test interaction with GGN1 in yeast
GNR1 Express EGFP-tagged GGN1
mid of [7]. Express HA-tagged GGN1C
R Express EGFP-tagged GGNBP1
R Express Myc-tagged GGNBP1
R Express EGFP-tagged GGNBP2
GFP/BP2 Express Myc-tagged GGNBP2
ZR Express EGFP-tagged OAZ3
ZR Express Myc-tagged OAZ3
order to express the full-length OAZ3 protein under normal condition.
Fig. 2. Mapping of the region in GGNBP2 mediating the interaction
with GGN1. Amino acid residues 1–400 of GGNBP2 are necessary for
the interaction. AA 250–400 of GGNBP2 has weak interaction with
GGN1, which is indicated by ‘‘±’’.
Fig. 3. Mapping of the region in OAZ3 mediating the interaction with
GGN1. ORF2 of OAZ3 is necessary for the interaction.
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GGNBP1 deletion mutants through yeast two-hybrid test,
we found that the C-terminal 73-amino acid residues of
GGNBP1, which is the region conserved between the human
and mouse sequences, was the region in GGNBP1 mediating
the interaction with GGN1 (Fig. 1).
When the C-terminal 163-amino acid residues of GGN1
were used as the bait to screen the testis library, we found that
GGNBP2 and OAZ3 interacted speciﬁcally with GGN1 in the
yeast two-hybrid system.
GGNBP2 was originally called DIF-3, dioxin inducible fac-
tor 3, by virtue of its being induced by dioxin [15]. Here, we
adopted the symbol of GGNBP2 (indicating gametogentin
binding protein 2) approved by the mouse genomic nomencla-
ture committee (MGNC, see MGI 3.0). Ggnbp2 was highly ex-
pressed in the adult testis and its expression was tightly
associated with the start of spermatogenesis (Ref. [15] and
our unpublished results). This expression pattern is similar to
those of Ggn and Ggnbp1. We also mapped the region in
GGNBP2 mediating the interaction with GGN1. We found
that AA 1–400 of GGNBP2 was necessary and enough to
mediate the interaction with GGN1 (Fig. 2).
OAZ3 has also been called OAZ-t [16], here we follow the
symbol of OAZ3 approved by the mouse genomic nomencla-
ture committee (MGNC, see MGI3.0) [17]. OAZ3 is a member
of the antizyme family, which regulates the activity and/or the
turnover of ornithine decarboxylase (ODC), a rate-limiting en-
zyme in the polyamine synthesis pathway [18]. ODC antizymes
regulate ODC by inhibiting the activity of ODC and/or target-
ing ODC for proteasomal degradation without the need of
ubiquitinylation [19–22]. OAZ3 is also testis-speciﬁc and is spe-
ciﬁcally expressed in the haploid spermatids [16,17]. Thus, the
expression of Oaz3 and Ggn mRNA overlaps in round
spermatids, which is consistent with our ﬁnding that the two
proteins interact with each other in yeast. We found that the
full-length OAZ3 and ORF2 of OAZ3 were able to mediate
the interaction with GGN1, while ORF1 of OAZ3 was not
able to mediate the interaction (Fig. 3).
When the full-length GGN1 was used as the bait to screen
the testis library, we obtained multiple clones harboring
Ggnbp1 cDNA. The recovery of Ggnbp1 with either the full-
length GGN1 or region 127–508 of GGN1 as the bait showed
the speciﬁcity of our screening. No other cDNAs nor Ggnbp2
or Oaz3 were recovered when the full-length GGN1 was used
as the bait. The inability to recover Ggnbp2 or Oaz3 cDNA in
this screen could be due to the conformational change of the
bait after its fusion with the Gal4 DNA binding domain. Nev-Fig. 1. Mapping of the region in GGNBP1 mediating the interaction with G
are necessary and enough for the interaction.ertheless, the result showed the validity of using diﬀerent re-
gions of GGN1 as the bait for the purpose of comprehensive
search for GGN1 interaction partners.
So far, our yeast two-hybrid screen and subsequent mapping
experiments showed that GGNBP1, GGNBP2 and OAZ3
interacted with diﬀerent regions of GGN1 (summarized in
Fig. 4). For GGNBP1, two independent screens, with either
GGN1M or full-length GGN1 as the bait, revealed the interac-
tion with GGN1. For GGNBP2, the interaction with GGN1
was revealed when either GGN1 or GGNBP2 was used as
the bait. Moreover, all of the genes were essentially testicular
germ cell-speciﬁc [7,15–17]. To obtain other evidences support-
ing GGN1s interaction with GGNBP1, GGNBP2 and OAZ3,
we tried immunoprecipitation and colocalization experiments.
Since cell lines endogenously expressing the genes are not
available and speciﬁc antibodies against these proteins suitable
for immunohistochemistry application are not available, weGN1. The C-terminal 73 amino acid residues of GGNBP1 (black box)
Fig. 4. Summary of the baits used and the preys obtained in the yeast
two-hybrid screens. The peptides in the dashed frames were the baits
used. The proteins in the solid frames were the preys obtained. The
arrows linked the respective bait and prey. GGNBP1 was recovered as
the prey when either full-length or the middle region of GGN1
(GGN1M) was used as the bait. GGN1C was recovered as a prey when
GGNBP2 AA 1–400 was used as the bait.
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tions in mammalian cells.
GGN1, GGNBP1, GGNBP2 and OAZ3 have diﬀerent local-
ization when each is expressed alone in NIH3T3 cells. GGN1
was found in the cytoplasm especially in the peri-nuclear region
and the previous proposal that GGN1 be a nuclear membrane
protein is not conﬁrmed (Fig. 5B) [7]. GGNBP1 associated
with the plasma membrane and the Golgi body (Fig. 5D)
[14]. GGNBP2 was found in the cytoplasm and associated with
vesicular structures (Fig. 5E). OAZ3 localized in both the cyto-
plasm and the nucleus (Fig. 5F). We asked what would happen
if GGN1 was co-expressed with these proteins in NIH3T3 cells.
When GGN1 was co-expressed with GGNBP1 in NIH3T3
cells, GGNBP1 was no longer found to associate with the plas-
ma membrane but colocalized with GGN1 in the cytoplasm
(Fig. 6A–C). When GGN1 was co-expressed with GGNBP2Fig. 5. Subcellular localization of GGN1, GGN1C, GGNBP1,
GGNBP2 and OAZ3 when expressed in NIH3T3 cells. EGFP,
GGN1-EGFP, EGFP-GGN1C, EGFP-GGNBP1, Myc-GGNBP2
and OAZ3-EGFP were expressed in NIH3T3 cells by transfection of
the respective plasmid. For GGN1, GGN1C, GGNBP1 and
GGNBP2, the nucleus was stained by DAPI (blue). (A) EGFP was
found in the cytoplasm and the nucleus. (B) GGN1-EGFP fusion
protein was mainly found in the cytoplasm, especially in the peri-
nuclear region. (C) EGFP-GGN1C was found in the nucleoli. (D)
EGFP-GGNBP1 was found in the plasma membrane and in the
cytoplasm. (E) Myc-GGNBP2 was found in the cytoplasm and formed
vesicular structures. Myc-GGNBP2 was visualized by staining the cells
with anti-Myc antibody and Rhodamine-conjugated anti-mouse IgG
secondary antibody. (F) OAZ3-EGFP was found in both the
cytoplasm and the nucleus.in NIH3T3 cells, GGNBP2 no longer formed vesicular struc-
tures but colocalized with GGN1 in the peri-nuclear region
in the cytoplasm (Fig. 6D–F). While when GGN1 was co-ex-
pressed with OAZ3 in NIH3T3 cells, OAZ3 was no longer seen
in the nucleus but colocalized with GGN1 in the cytoplasm and
the peri-nuclear region (Fig. 6G–I).
Our yeast two-hybrid experiments found that GGNBP2 and
OAZ3 interacted with the C-terminal 163 amino acid residues
of GGN1 (GGN1C, AA 513–675 of GGN1), while GGNBP1
interacted with AA 127–508 of GGN1. GGN1C was found to
localize in the nucleoli (Fig. 5C), which is consistent with the
previous ﬁnding that GGN3 (amino acid residues 539–675 of
GGN1) localized in the nucleoli [7]. When GGNBP1 was co-
expressed with GGN1C, GGNBP1 did not show colocaliza-
tion with GGN1C (Fig. 6J–L), where GGN1C was still found
in the nucleus and GGNBP1 was still mainly found along the
plasma membrane. This is consistent with our yeast two-hy-
brid results that GGNBP1 interacted with GGN1 AA 127–
508 but did not interact with GGN1C. While when GGNBP2
and OAZ3 were co-expressed with GGN1C, GGNBP2 and
OAZ3 showed colocalization with GGN1C (Fig. 6M–R). In
the case of co-expression of GGN1C with GGNBP2, GGN1C
no longer localized in the nucleoli but changed the localization
and colocalized with GGNBP2 in the cytoplasm (Fig. 6M–O).
While in the case of co-expression of GGN1C with OAZ3,
OAZ3 no longer distributed evenly in the cytoplasm and the
nucleus but colocalized with GGN1C in the nucleoli (Fig.
6P–R). The colocalization results agreed well with the yeast
two-hybrid results in terms of the interactions of the proteins
and the regions mediating the interactions. These data support
the notion that GGN1 interacts with GGNBP1, GGNBP2 and
OAZ3 in mammalian cells.
The transiently expressed full-length GGN1 could not be re-
leased into the solution with various lysis buﬀers we tried,
while the transiently expressed GGN1C could. Since the yeast
two-hybrid results and the colocalization experiments showed
that GGN1C interacted with GGNBP2 and OAZ3 but not
with GGNBP1, we further tested the interactions by coimmu-
noprecipitation. We found that HA-GGN1C coimmunopre-
cipitated with Myc-GGNBP2 (Fig. 7A) and Myc-OAZ3 (Fig.
7B) but not with Myc-GGNBP1 (data not shown). These re-
sults again agreed well with the yeast two-hybrid results and
the colocalization results. Due to the unavailability of the spe-
ciﬁc antibodies to the proteins, we are unable to address the
interactions of the endogenous proteins. Since all of the four
genes are expressed in the germ cells of the testis, and we ob-
tained evidences supporting the interaction between the pro-
teins from yeast two-hybrid screens, colocalization
experiments and coimmunoprecipitation experiments, it is
highly likely that GGN1 interacts with GGNBP1, GGNBP2
and OAZ3 in the testis.
The localization of a protein in the cell could provide clues
to its possible function [23]. A careful check of the localization
of GGN1–EGFP fusion protein in NIH3T3 cells revealed that
GGN1 associated with vesicular structures, which is especially
evident when live cells were observed under confocal micro-
scope without ﬁxation (Fig. 8A). The vesicular structures were
not likely to be the artifacts of the high level expression of the
foreign protein, since they could be observed as early as 6 h
after the transfection. In most cells, GGN1 showed polar dis-
tribution pattern, and was mainly found in the peri-nuclear re-
gion and one end of the cells long axis (Figs. 5B, 6A and G
Fig. 6. GGNBP1, GGNBP2 and OAZ3 colocalized with GGN1 in NIH3T3 cells upon co-expression. GGN1-EGFP or EGFP-GGN1C was co-
expressed with Myc-GGNBP1, Myc-GGNBP2 or Myc-OAZ3 by transient transfection. The cells were stained by anti-Myc antibody and
Rhodamine-conjugated anti-mouse IgG secondary antibody. The same ﬁeld was recorded for EGFP (green) and Rhodamine (red) signal. The two
pictures were superimposed to reveal the colocalization. In the superposed pictures except in C, the location of the nucleus was indicated by DAPI
staining (blue). (A–C) GGN1 colocalized with GGNBP1. (A) GGN1-EGFP. (B) Myc-GGNBP1. (C) Superposition of A and B. (D–F) GGN1
colocalized with GGNBP2. (D) GGN1-EGFP. (E) Myc-GGNBP2. (F) Superposition of D and E. (G–I) GGN1 colocalized with OAZ3. (G) GGN1-
EGFP. (H) Myc-OAZ3. (I) Superposition of G and H. (J–L) GGN1C did not colocalize with GGNBP1. (J) EGFP-GGN1C. (K) Myc-GGNBP1. (L)
Superposition of J and K. (M–O) GGN1C colocalized with GGNBP2. (M) EGFP-GGN1C. (N) Myc-GGNBP2. (O) Superposition of M and N. (P–
R) GGN1C colocalized with OAZ3. (P) EGFP-GGN1C. (Q) Myc-OAZ3. (R) Superposition of P and Q.
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Fig. 7. GGN1C coimmunoprecipitated with GGNBP2 and OAZ3. Indicated Plasmid DNA was transfected into 293T cells. Sixty hours after
transfection, the cells were lysed and coimmunoprecipitation was performed using anti-HA or anti-Myc antibody. One twentieth of the input for the
immunoprecipitation was immuno-blotted with anti-HA or anti-Myc antibody to check the expression of the interested protein. (A) GGN1C
coimmunoprecipitated with GGNBP2. (B) GGN1C coimmunoprecipitated with OAZ3. IP: immunoprecipitation. IB: immuno-blotting.
Fig. 8. Subcellular localization of transiently expressed GGN1. (A)
GGN1 associated with vesicular structures. The left picture showed the
distribution of EGFP protein and the right picture showed the
distribution of GGN1–EGFP. The cells were observed under confocal
microscope without ﬁxation. GGN1–EGFP was found in vesicular
structures. (B) GGN1 showed similar localization with SEC23. The
cells were stained with anti-SEC23 antibody and Rhodamine-conju-
gated secondary antibody. The same ﬁeld was recorded for GGN1
(green, left) and SEC23 (red, middle) localization. The two pictures
were then superposed (right) to reveal the overlapping. Nu: Nucleus.
564 J. Zhang et al. / FEBS Letters 579 (2005) 559–566and 8A). Moreover, GGN1 showed similar localization with
SEC23 (Fig. 8B), a protein involved in vesicle traﬃc [24,25].
These data suggested that GGN1 could be related to cell traf-
ﬁc. This notion is consistent with our observations on the
localization of GGNBP1, which is found to associate with
the plasma membrane and the Golgi body [14], two cell com-
partments actively involved in vesicle traﬃc.
It was previously reported that GGN1 interacted with
FANCL [7]. Here, we report that GGN1 interacts with three
more proteins, GGNBP1, GGNBP2 and OAZ3. With the
exception of FancL showing widespread expression [2,4],
Ggn, Ggnbp1, Ggnbp2 and Oaz3 are all expressed in the germ
cells of the testis but are hardly expressed in the other tissues
[7,14–17]. Furthermore, in situ hybridization experiments
showed that Ggn and Ggnbp1 were expressed in late primary
spermatocytes and round spermatids [7,14], and Oaz3 was ex-
pressed in round spermatids [16,17]. These data are consistent
with our ﬁnding that GGN1 interacts with GGNBP1,
GGNBP2 and OAZ3, and suggest that these proteins play a
role in spermatogenesis.
The ﬁnding that GGN1 interacted with FANCL, GGNBP1,
GGNBP2 and OAZ3 suggested the existence of a novel testic-
ular germ cell-speciﬁc protein complex. FANCL is an ubiquitin
E3 ligase and has been shown to involve in the mono-ubiquiti-
nylation of FANCD2 [4,6]. It is possible that the role of
FANCL here is to facilitate the ubiquitinylation of GGN1 or
other associated protein(s). OAZ3 is an antizyme with the abil-
ity to regulate the activity or turnover of ODC in in vitro assay
[16,17]. OAZ3s homolog OAZ1 has been reported to bind with
SMAD1 and Cyclin D1 in addition to ODC. It accelerated the
J. Zhang et al. / FEBS Letters 579 (2005) 559–566 565degradation of Cyclin D1 and ODC but not that of SMAD1
[26–28]. We tested whether OAZ3 accelerated the degradation
of GGN1 in cell culture by means of pulse chasing andWestern
blotting, and failed to see evident eﬀect (data not shown). It is
not clear at the present moment whether this is also the case in
germ cells. There exists the possibility that GGN1 regulates the
distribution, thus the activity of OAZ3.
The physiological signiﬁcance of GGN1s interaction with
GGNBP1 and GGNBP2 is an open question. GGNBP1 asso-
ciated with the plasma membrane and the Golgi body [14].
GGN1 associated with vesicular structures and showed similar
localization pattern with SEC23, a protein involved in cell traf-
ﬁc. Co-expression of GGN1 and GGNBP1 changed the local-
ization of GGNBP1. These observations suggest that GGN1
and GGNBP1 may work in concert in cell traﬃc. Haploid
male germ cells undergo radical morphogenic transformation
during spermiogenesis, one of which is the elongation of the
round spermatids and the formation of the Flagellum and
the Acrosome [29]. It will be intriguing to test whether the po-
lar distribution of GGN1 has anything to do with these events.
Ohbayashi et al. [15] suggested the existence of a C2H2 zinc
ﬁnger domain in GGNBP2 and assumed the protein a nuclear
factor. Our extensive analysis with the PROSITE and InterPro
databases did not ﬁnd typical C2H2 zinc ﬁnger domain in any
of the known GGNBP2 sequences. The region in GGNBP2
that the authors claimed as the zinc ﬁnger domain is not recog-
nized as the C2H2 zinc ﬁnger domain by various softwares
either. Furthermore, we have several lines of evidence suggest-
ing that GGNBP2 protein is more likely a cytoplasmic protein
rather than a nuclear protein (our unpublished data). This is
consistent with our observation that GGNBP2 interacts with
GGN1, a cytoplasmic protein. Further work is needed to
clarify the discrepancy.
In summary, our data suggest that GGNBP1, GGNBP2 and
OAZ3 are potential interaction partners of GGN1 in male
germ cell. Although the speciﬁc functions of the proteins re-
main unknown, our data suggest that these proteins could be
involved in a common process related to male germ cell devel-
opment. The interactions of the proteins suggest the existence
of a novel testicular germ cell-speciﬁc protein complex. Deci-
phering of the functions of the proteins, especially the function
of the protein complex in spermatogenesis and/or spermiogen-
esis, will certainly beneﬁt our understanding of the develop-
ment of the male germ cells, which will help us to ﬁnd better
treatment for infertile diseases.
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